There are approximately 7.8 million people in Latin America, including Chile, who suffer from Chagas disease and another 28 million who are at risk of contracting it. Chagas is caused by the flagellate protozoan Trypanosoma cruzi. It is a chronic disease, where 20%-30% of infected individuals develop severe cardiopathy, with heart failure and potentially fatal arrhythmias. Currently, Chagas disease treatment is more effective in the acute phase, but does not always produce complete parasite eradication during indeterminate and chronic phases. At present, only nifurtimox or benznidazole have been proven to be superior to new drugs being tested. Therefore, it is necessary to find alternative approaches to treatment of chronic Chagas. The current treatment may be rendered more effective by increasing the activity of anti-Chagasic drugs or by modifying the host's immune response. We have previously shown that glutathione synthesis inhibition increases nifurtimox and benznidazole activity. In addition, there is increasing evidence that cyclooxygenase inhibitors present an important effect on T. cruzi infection. Therefore, we found that aspirin reduced the intracellular infection in RAW 264.7 cells and, decreased myocarditis extension and mortality rates in mice. However, the long-term benefit of prostaglandin inhibition for Chagasic patients is still unknown.
INTRODUCTION
Chagas disease is caused by Trypanosoma cruzi, a flagellated protozoan transmitted to humans either by transfusion of infected blood, from an infected mother to her child, or by its most important vector, a blood-sucking bug (Triatoma infestans, a.k.a. 'vinchuca'), which carries the parasite in its contaminated feces. In several patients, the infection may be unnoticed or develop acute symptoms. In the majority of cases, the acute phase resolves spontaneously. In about onethird of all cases, a chronic form develops around 10-20 years later, after an indeterminate phase, causing irreversible damage to heart, esophagus, and colon, with severe disorders of nerve conduction of these organs. Patients with severe chronic disease become progressively more ill, and ultimately die, usually from their heart condition.
Epidemiologic approach to Chagas disease: Importance of the problem and future trends
Chagas disease continues to represent a health threat for an estimated 28 million people, living mostly in Latin America. While Chagas disease occurs throughout Mexico, Central, and Southern America, the clinical manifestations, and the epidemiological characteristics are different in the diverse endemic zones. However, in 20% to 30% of infected individuals, the disease results in severe cardiopathy or megaoesophagus/megacolon.
The strategy for Chagas disease control is based on vector control; systematic screening of blood donors in all endemic countries; detection and treatment of congenital transmission; and treatment of infected children and acute cases.
Accordingly to WHO information (WHO, 2007) , the number of infected persons in 21 endemic countries is estimated as 7,694,500 (1.448%); this represents a reduction of 50% from infection rates in 1990. There are approximately 150,000 people in Chile who are already infected or at risk, with 41,200 new cases each year (7.775 per 100,000) due to vector transmission and 14,385 new cases of congenital Chagas disease. Several estimates indicate that there are still some 20,000 deaths per year due to Chagas disease in endemic regions. This is unacceptably high. In addition, it is a parasitic disease with greater a economic burden on the Americas due to its long chronicity. This is why Chagas disease represents the second highest disease burden among tropical diseases in the Americas (Coura, 2009; Coura and Dias, 2009) .
The migration of people infected with T. cruzi poses a public health threat in countries where there is no vectorborne parasite, such as Canada, the US and Spain, with reported cases of transmission of T. cruzi via blood products. The risk of transmission of the parasite by a transfusion of one unit of 500 ml of whole blood ranges between 12% and 20% (Coura and Dias, 2009) . Similarly, several cases of Chagas disease associated with organ transplantation have been reported in the United States (Gonzalez-Granado et al., 2009; Schmunis and Yadon, 2009) .
Other disease control challenges that persist or have recently emerged include: i) continuity and sustainability of control programs in regions where control of domestic vector populations has been achieved; ii) problems posed by the risk of re-infestation by secondary vectors in houses treated with insecticides, as well as the continued control of sylvatic or peri-domestic vectors; iii) inadequate global surveillance of infection and disease rates and reporting based on diagnostic tools that already exist, as well as the need for improved diagnosis and prognosis of disease progression; iv) limitations of existing drugs for treatment (For more than 20 years only two drugs have been available to treat Chagas, and both have limited efficacy, as well as frequent and significant side effects. While the efficacy of drug treatment has been validated in infected people younger than 16 years of age, it is not known if the same drugs can indeed halt disease progression in adult patients, or if their use can be recommended to those at an indeterminate phase of the disease); v) a dearth of tools in clinical studies to rapidly assess the efficacy of therapeutic treatments being identified by the research community, even if the capacity to do these studies exists (The knowledge and tools for management of the cardiac or digestive symptoms that may result from Chagas disease exists; however, we know very little about how to make these interventions available to the patients or about the social costs associated with the disease) vi) a deficiency of treatment guidelines that are congruent with regional differences in disease manifestations (WHO, 2007) .
Clinical aspects of Chagas disease:
During the acute phase, there may be no symptoms or a range of signs and symptoms, such as fever, muscle aches and pains, malaise, sweating, increased size of the liver and spleen, heart failure due to myocardial inflammation (myocarditis), pericardial effusion and, less often, affects to the brain, such as meningoencephalitis. Cardiac involvement is present in more than 90% of cases. In addition, there is intense parasitism in almost all organs. The diagnosis is established in less than 10% of cases, possibly due to mild symptoms. The clinical course in most cases is toward spontaneous recovery (Marin-Neto and .
The latent or indeterminate phase lasts 10 to 30 years. It is characterized by the absence of clinical symptoms, but serology is positive and there is some degree of cardiac involvement evidenced by minimal, but persistent, inflammation (Dubner et al., 2008; Marin-Neto and Rassi, 2009; Punukollu et al., 2007; Tanowitz et al., 2009) .
Symptoms and physical signs of chronic Chagas heart disease arise from heart failure, cardiac arrhythmias, and arterial or venous thromboembolism. It is common for patients with Chagas heart disease to relate atypical chest pain. Heart failure is usually biventricular, which is the most frequent and severe manifestation of Chagas disease and is associated with poor prognosis and high mortality rates compared to heart failure from other causes Rassi et al., 2009b) . The clinical signs and symptoms are typical of heart failure and include: i) prominent apical impulse; ii) regurgitant murmurs from mitral and tricuspid valves; iii) wide splitting of the second heart sound due to right bundle branch block; and iv) accentuated pulmonic component of second heart sound due to pulmonary hypertension Rassi et al., 2009b; Rocha et al., 2009) .
Cardiac arrhythmias may cause palpitations, lightheadedness, dizziness, and syncope, which may also be caused by complete heart block. There may be changes in heart rate, especially bradycardia, by alterations in the autonomous innervation. Sudden death is an occasional complication in patients with severe underlying cardiac involvement, including ventricular aneurysms, which is a characteristic finding in cardiac Chagas (Bestetti and Cardinalli-Neto, 2009; Marin-Neto and Rassi, 2009; Rassi et al., 2009a; Rassi and Rassi, 2009 ).
This set of signs and symptoms are nonspecific to establish the diagnosis of Chagas disease. The diagnosis is based on clinical and electrocardiographic findings and on serological tests. Electrocardiogram findings include premature ventricular beats, right bundle branch block, left anterior hemiblock, diffuse alterations of repolarization, runs of sustained ventricular tachycardia, heart block, abnormal Q waves and, in the advanced stage of the disease, atrial fibrillation and low voltage QRS (Bern et al., 2007; PanizMondolfi et al., 2009; Rassi et al., 2009a; Rassi et al., 2009c; Sousa et al., 2009; Williams-Blangero et al., 2007) . In addition, echocardiography may reveal one or more areas of abnormal wall motion, but in more advanced disease, left ventricular aneurysm may be observed. The most commonly used serology tests are based on complement fixation, immunofluorescence, or ELISA assays. These tests have sensitivity and specificity rates higher than 90%. Chagas disease can be diagnosed with greater sensitivity by the detection of T. cruzi specific sequences of DNA by PCR reaction (Britto, 2009; Sousa et al., 2009 ).
Pathogenesis of Chagas heart disease
Although Chagasic megaesophagus and megacolon produce typical clinical conditions in 5% to 10% of patients, Chagas cardiomyopathy is by far the most serious form of the disease.
In Chagas heart disease, through mechanisms not fully understood, the myocardial aggression remains controlled at low levels in many patients due to the complex host-parasite interrelationship. These patients remain throughout life with the so-called indeterminate form. Conversely, full-blown chronic Chagas cardiomyopathy develops in 20% to 30% of patients. This syndrome leads to complex arrhythmias, ventricular aneurysms, heart failure, thromboembolism and sudden death. Evidence from studies in animal models and in humans supports four main pathogenic mechanisms to explain Chagas heart disease: i) parasite-dependent myocardial damage; ii) immune-mediated myocardial injury; iii) cardiac dysautonomia; and iv) microvascular abnormalities and ischemia (Marin-Neto and Rassi, 2009; Rassi et al., 2009a; Rassi and Rassi, 2009; Rassi et al., 2009c; Tanowitz et al., 2009) .
Myocardial Damage Directly Related to Parasite Persistence
T. cruzi antigens or its genomic material can be demonstrated in inflammatory foci from cardiac tissue during the chronic phases of the disease. This can be done through sensitive methods such as immunohistochemistry, polymerase chain reaction (PCR), and in situ hybridization (Britto, 2009; Deborggraeve et al., 2009; Duffy et al., 2009; Rassi et al., 2009a; Rassi and Rassi, 2009; Rassi et al., 2009c) . Experimentally, this is demonstrated by attenuation of cardiomyopathy with parasite load reduction by trypanocidal treatment (Britto, 2009; Bustamante et al., 2008; Coura, 2009; Marin-Neto et al., 2009; Perez-Molina et al., 2009; Urbina, 2009b; Viotti et al., 2009 ). However, myocardial inflammatory infiltrates and lesions are not uniformly reduced in mice infected with different T. cruzi strains and treated with benznidazole (Bz) (Caldas et al., 2008; MarinNeto et al., 2009; Rassi and Rassi, 2009 ). In addition, there is clinical evidence of parasite persistence in host tissues due to Chagas disease reactivation in immune-compromised hosts (Duffy et al., 2009; Fiorelli et al., 2005) . Thus, parasite persistence in host tissues participates directly in the pathogenic role for myocardial aggression. However, the exact mechanism whereby parasitism causes heart damage in the chronic phase is unclear. Direct myocyte aggression by the parasite and apoptosis is observed in advanced stages of heart failure (DosReis and Lopes, 2009b; Punukollu et al., 2007) , but the stimulation of immune responses that are targeted at the parasite and self tissues is the most likely cause of inflammation and myocytolysis (DosReis and Lopes, 2009b) .
Immunologic Mechanisms for parasite control and heart damage
Initially, the predominant immune response is proinflammatory through T helper (Th1) cells. During the initial phases of infection, macrophages produce cytokines such as interleukin 12 and TNF-α that induce production of interferon gamma (IFN-γ). This IFN-γ, produced by CD4 + and CD8 + T-lymphocytes, is essential for the control of infection (Chessler et al., 2009; Sathler-Avelar et al., 2008; Sathler-Avelar et al., 2009; Une et al., 2003) . In macrophages activated by IFN-γ, intracellular parasite growth is controlled through nitric oxide (NO) production. In addition, several other cytokines, including IL-10, IL-4 and transforming growth factor-β (TGF-β) have an important role in controlling the immune response against T. cruzi and to prevent unwanted excessive tissue inflammation (DosReis and Lopes, 2009b; Freire-de-Lima et al., 2000; Freire-de-Lima et al., 2006) (Freire-de-Lima et al; Freire-de-Lima et al, 2006; DosReis and Lopes, 2009 ). In any event, IFN-γ is essential for macrophages to kill the parasites. Moreover, IFN-modulates chemokine production and regulates the appropriate development of the inflammatory response to infection (Silva et al., 2003) . This inflammatory response is necessary for parasite control, but excessive or uncontrolled heart inflammation might produce myocarditis and further, associate with severe chronic forms of the disease (SathlerAvelar et al., 2009) .
Parasite persistence in host tissues is the result of successful evasive strategies used by T. cruzi. In one of them, the parasites secrete proteases responsible of TGF-β activation (Araujo-Jorge et al., 2008; Waghabi et al., 2009; Waghabi et al., 2005) . In addition, phagocytosis of apoptotic bodies originated from T-cells or neutrophils and generated by the action of TNF-β, induces a prostaglandin-dependent production of TGF-β in macrophages. Consequently, NO production diminishes, IFN-γ induced inflammatory response is attenuated and the parasite proliferates (Freirede-Lima et al., 2000; Freire-de-Lima et al., 2006; Gutierrez et al., 2009) . Possibly, this is why there is a low parasite load associated with a relative low-grade inflammatory response in the intermediate and chronic phases of the disease. However, there is a striking discrepancy between the severity of the lesions observed during the chronic phase and the extremely low parasitemia in tissues. It is suggested that factors, such as autoimmunity, might be involved in the development of Chagasic pathology. It is clear that antiparasite and autoreactivity responses are not mutually exclusive in Chagas disease, and that a combination of these types of immune response could be involved in the establishment of pathology (Ribeiro et al., 2009b; SathlerAvelar et al., 2009; Tanowitz et al., 2009) .
Cardiac disautonomia
Pathologically, disautonomia is evidenced by parasympathetic denervation and sympathetic activation. However, this is not specific to Chagas disease. In direct comparisons of autonomic innervation from heart tissue of patients that underwent cardiac transplantation, autonomic denervation was found with inflammatory and noninflammatory heart disease (fibrosis, dilated cardiomyopathy). However, absolute reduction in parasympathetic neuronal counting was more conspicuous in Chagasic patients (Machado et al., 2000) . This situation can be detected before the development of ventricular dysfunction and in all phases of the disease, including the indeterminate phase and the digestive forms Ribeiro et al., 2009a; Ribeiro et al., 2007; Ribeiro et al., 2001) . Moreover, the autonomic system is altered due to circulating autoantibodies against myocardial adrenergic and cholinergic receptors in patients with Chagas disease (Goin et al., 1994) . These autoantibodies trigger physiological, morphological, enzymatic, and molecular alterations. In addition, they could cause quantitative alterations in adrenergic and cholinergic receptors and, consequently, potential myocardial damage due to the cardiac autonomic dysfunctions known to occur in Chagasic cardiomyopathy (Hernandez et al., 2008; Ribeiro et al., 2009a; Rocha et al., 2006a; Rocha et al., 2006b) . The clinical consequence of parasympathetic denervation is the absence of mechanisms, mediated by the vagus nerve, that trigger bradycardia or tachycardia in response to transient changes in blood pressure or venous return (Miziara et al., 2006; Ribeiro et al., 2009a; Rocha et al., 2009; Rocha et al., 2006b ). However, the relative importance of the parasympathetic autonomic dysfunction has been recently questioned, raising the possibility that neurohormonal activation is the main underlying mechanism of disease progression (Davila et al., 2008) . In this setting, neurohumoral activation presents with sinus tachycardia, low systolic blood pressure and echocardiographic evidence of severely depressed left ventricular systolic function (Davila et al., 2002) . It is possible that ventricular diastolic dysfunction due to neurohormonal activation and dysautonomia are independent phenomena Ribeiro et al., 2009a) .
Microvascular abnormalities and ischemia
In mice infected with T. cruzi, microcirculatory abnormalities include focal vascular constriction, microvascular proliferation, and occlusive platelet thrombi in small epicardial and intramural coronary arteries, which lead to ischemia (Factor et al., 1985; Marin-Neto et al., 2007; MarinNeto and Rassi, 2009; Ramos and Rossi, 1999; Rossi and Ramos, 1996) . The impairment of cardiac sympathetic function at the ventricular level that occurs early in the course of Chagas cardiomyopathy is related to regional myocardial perfusion disturbances (Hiss et al., 2009 ). This occurs before wall motion abnormalities can be demonstrated (Hiss et al., 2009; Simoes et al., 2000) . In the same way, abnormal vasodilatation and vasoconstriction at the microcirculatory level may cause myocardial damage in patients with Chagas disease. Both conditions are associated with the progression of ventricular dysfunction (Hiss et al., 2009; Simoes et al., 2000) . Transient microvascular ischemic disturbances of low intensity and short duration have been postulated to be the causative mechanisms of Chagas cardiomyopathy. This could explain the focal distribution of cell necrosis and subsequent reparative interstitial fibrosis found in Chagasic hearts, which was similar to what is seen in experimental models of ischemia and reperfusion (Ramos and Rossi, 1999) . In addition, coalescent microinfarctions have been postulated to occur in watershed coronary areas, because of unopposed sympathetic overstimulation. Among other factors, this might lead to the development of aneurysms in Chagasic patients (Marin-Neto and .
Experimental studies on Chagas disease in mice have demonstrated microvascular alterations characterized by microspasms (Factor et al., 1985) , microthrombi (de Oliveira et al., 2007; Samuel et al., 1983; Tanowitz et al., 1990) , dysfunction of endothelial cells and increased platelet activity (Petkova et al., 2001; Tanowitz et al., 2005) . There is direct interaction between platelets and inflammated endothelium when it is activated (Danese et al., 2007; Tanowitz et al., 2005) (Danese et al, 2007) , for example, by T. cruzi infection. However, endothelial function may be preserved in patients without heart failure (Consolim- Colombo et al., 2004; Tanowitz et al., 2009) .
Recently, it has been suggested that members of the trans-sialidase family might play a role in endothelial cell responses to T. cruzi infection. Inactive members of the transsialidase family trigger Necrosis factor kappa beta (NF-B) activation, an expression of adhesion molecules E-selectin, VCAM-1, ICAM-1, and increase endothelial cell susceptibility to T. cruzi infection Laucella et al., 1996) . In addition, trypomastigotes produce neuraminidase, an enzyme that removes sialic acid from the surface of mammalian myocardial and endothelial cells. At the endothelial surface platelet aggregation and microvascular thrombosis may occur (Sousa et al., 2008; Tanowitz et al., 2009 ).
Other mediators involved in endothelial dysfunction in Chagas disease are endothelin and thromboxane A2 (TXA2). Endothelin mediates arteriolar spasm and inhibits cAMP, with consequent stimulation of platelet adhesion to the vascular wall. There is evidence of increased production of endothelin in Chagas disease (Tanowitz et al., 2005) . Many of the sequelae associated with T. cruzi infection are reminiscent of the effects of TXA2, including enhanced platelet adherence and aggregation in T cruzi-infected mice, where TXA2 levels are increased (Ashton et al., 2007; Cardoni and Antunez, 2004; Tanowitz et al., 1990 ). In T. cruzi, prostaglandin production, including TXA2 and PGF2 , is possible through a NADPH flavin oxidoreductase named "old yellow enzyme" (Kubata et al., 2002) . T. cruzi derived TXA2 is important in modulating disease pathogenesis in the absence of host-derived TXA2. Ashton et al. (Ashton et al., 2007) demonstrated that TXA2 is an important factor in Chagas disease that controls parasite proliferation and the resulting inflammatory response to the infection. TXA2 is a potent proinflammatory agent that activates and facilitates cytokine production by monocytes (Caughey et al., 1997; Ganzinelli et al., 2009 ). TXA2 activates endothelial cells, mediating inflammatory responses, through i) increased vascular permeability; ii) increased adhesion molecule expression; and iii) leukocyte adhesion to the vessel wall (Patrono et al., 2005) . TXA2 also promotes platelet activation/aggregation and degranulation as a part of its prothrombotic properties (Egan and FitzGerald, 2006) . In addition, TXA2 is a potent vasoconstrictor, producing substantial narrowing of coronary arteries and resistance vessels in experimental models of myocardial infarction and unstable angina (Belhassen et al., 2003) . Thromboxane A2 receptor blockers and TXA2 synthase inhibitors attenuate the effect of and the damage caused by ischemic injury and inflammation. TP expression and plasma levels of TP ligands are elevated, both locally and systemically, in several vascular and thrombotic diseases, including unstable angina, myocardial infarction, and various vasculopathies ( (Belhassen et al., 2003; Patrono et al., 2005) .
Long-term administration of verapamil, a calcium channel blocker with vasodilating and anti-plateletaggregating effects, attenuated myocardial lesions and increased survival in a murine model of Chagas disease (De Souza et al., 2004) . Verapamil has many actions, including the modulation of inflammation, vascular flow, endothelin synthesis or release and platelet aggregation, supporting the idea that vascular compromise is an important contributing factor in the pathogenesis of cardiomyopathy (De Souza et al., 2004; Tanowitz et al., 2009) .
There is also clinical evidence of the microvascular alterations in Chagas heart disease. First, 20% to 30% of Chagasic patients complain of chest pain resembling angina in location and character, but without relationship to effort and unrelieved by organic nitrates (Punukollu et al., 2007) . Second, electrocardiograms of many patients show typical findings of ischemia, such as ST-T changes and abnormal Q waves (Bern et al., 2007; Punukollu et al., 2007; Rassi et al., 2007) . However, coronary angiography in Chagas cardiomyopathy invariably demonstrates the absence of obstructive coronary disease (Marin-Neto et al., 2007; Torres et al., 1995) . Third, several studies have shown myocardial perfusion abnormalities in Chagasic patients related to abnormal myocardial blood flow regulation (Hiss et al., 2009; Simoes et al., 2000) . Fourth, long-term dipyridamole administration (with vasodilatator and antiplatelet activity) or short-term isosorbide dinitrate administration (a coronary vasodilatator) improved left ventricular function in Chagas heart disease patients (Kuschnir et al., 1983; Marin-Neto et al., 2007) . These findings are corroborated by the report of a prothrombotic state in patients with early stages of chronic Chagas disease (Herrera et al., 2005; Herrera et al., 2003) . Finally, a prospective cohort study is necessary to show the beneficial effect of long-term vasodilator or antiplatelet therapy on the clinical course of Chagasic patients with angina-like symptoms to confirm the hypothesis of chronic myocardial ischemia in Chagas cardiomyopathy.
Role of prostaglandins in the pathogenesis of Chagas disease
Prostaglandins are synthesized from arachidonic acid by enzymes known as cyclooxygenases (COX). These exist in at least two isoforms: type 1 (COX-1), which is constitutive; and type 2 (COX-2), which is induced by inflammatory mediators, particularly cytokines (Harris et al., 2002) . It has been extensively demonstrated that PGE2 is a potent immunomodulator, with both stimulatory and inhibitory effects (Celentano et al., 1995) . In the acute phase of Chagas disease, there is a state of immunosuppresion and T. cruzi uses it to evade the immune response. This is mediated by PGE 2 (Abdalla et al., 2008; Michelin et al., 2005) .
Prostaglandins, particularly PGE 2 , participate in cardiac fibrosis in cases of ischemic necrosis. This is evidenced when mice treated with prostaglandin synthesis inhibitors present lower amounts of fibrosis and decreased TGF-β levels. Thus, PGE2 contributes towards cardiac remodeling and functional deficits after infection by T. cruzi (Freire-de-Lima et al., 2000) . Prostaglandin synthesis during T. cruzi infection is related to nitric oxide production (Durand et al., 2009; Ganzinelli et al., 2009) . At least two mechanisms of oxidative stress exists, dependent or independent, with regard to the nitric oxide and cyclooxygenase pathway, where one or the other is more evident depending on the cell type or mouse strain (Freirede-Lima et al., 2006; Ganzinelli et al., 2009; Hideko Tatakihara et al., 2008; Silva et al., 2003) . Phagocytosis of apoptotic bodies from T-lymphocytes or neutrophils, produced by the action of TNF-α , generated in macrophages infected with T. cruzi, induces the production of TGF-β and prostaglandin. Accordingly, the content of NO in the macrophage decreases, and the parasite proliferates (DosReis and Lopes, 2009a; Freire-deLima et al., 2000; Lopes and DosReis, 2000) . On the other hand, high levels of PGE2 are produced by macrophages (Abdalla et al., 2008 ) and spleen cells from T. cruziinfected mice and the inhibition of cyclooxygenase by indomethacin resulted in marked reduction of PGE2 (Hideko Tatakihara et al., 2008; Pinge-Filho et al., 1999) . During early infection, treatment with aspirin or indomethacin increased parasitemia dramatically and reduced the survival rate of T. cruzi-infected C57BL/6 or C3H/HeN mice, which are characteristically resistant to acute infection (Celentano et al, 1995) . Conversely, blocking COX with aspirin, indomethacin or celecoxib tended to decrease the number of parasites in the blood and delay the mortality of Balb/c mice, in a model of acute Chagas disease (Abdalla et al., 2008; Freire-de-Lima et al., 2000) . The differences could be explained by the ability of BALB/c and C57BL/6 or C3H mice to produce PGE2 (Cardoni and Antunez, 2004; Kuroda et al., 2007) . In addition, there are different levels of production of IL-4 in BALB/c and C57BL/6 mice strains. BALB/c mice show higher IL-3 production than in resistant C57BL/6 mice (Kuroda et al., 2007) . It is also possible that inhibition of prostaglandin production in C57BL/6 mice inhibited the development of protective Th1 response. In fact, nonsteroidal anti-inflammatory drugs (NSAIDs) selectively inhibit IFN-γ and TNF-α production in spleen cells (Michelin et al., 2005) , natural killer (NK) and γδT cells (Inaoka et al., 2006) .
Treatment of Chagas disease
The drugs currently used to treat Chagas disease are nifurtimox (Nx) and benznidazole (Bz). Both are trypanocidal to all forms of the parasite (Maya et al., 2007; Maya et al., 1997; Urbina, 2009b) . Nx and Bz act through the formation of free radicals and/or electrophilic metabolites, affecting all macromolecules of the parasite (Maya et al., 2003) . However, therapy is not always successful. They can cause systemic toxicity and adverse events, posing a major threat to their clinical use and frequently compelling suspension of the therapy (Castro et al., 2006; Viotti et al., 2009) . Their use is complicated by the distinct susceptibility of different parasite strains ( (Filardi and Brener, 1987) . Probably, this is due to diverse mechanisms including differences in the free thiol content of the parasite, deletion of copies of the 'old yellow enzyme' gene (Murta et al., 2006) or type I nitroreductase (NTR) downregulation in trypanosomes (Wilkinson et al., 2008) .
At present, there are no drugs that are clinically superior to Nx or Bz. Numerous natural and synthetic chemical compounds with potential trypanocidal activity are being added to the list, including allopurinol and its analogues, ketoconazole and itraconazole (antifungal imidazoles), quinones, diverse nitroheterocyclic derivatives, antioxidants and other drugs in clinical use, such as phenothiazines (Apt et al., 2005; Maya et al., 2007; Urbina, 2009b) . Some compounds, including sterol biosynthesis, cysteine protease and pyrophosphate metabolism inhibitors, have completed pre-clinical studies and are poised for clinical trials in Chagas disease patients (Reithinger et al., 2009; Urbina, 2009a ). Yet, most of the studied compounds, for diverse reasons, such as insensibility or resistance, solubility, toxicity or low clinical efficacy, have not proven to be better than Nx or Bz. Besides, most antiparasitic drugs are considered orphan drugs, with the main exception of anti-malarials. Economic considerations of the pharmaceutical industry outweigh all others, because of the very low return on development costs. Consequently, it is necessary to find cheaper alternative approaches to Chagas disease treatment. This could be achieved by increasing the activity of the antiChagasic drugs presently used, or by modifying the host's immune response, which would render current therapies more effective.
In this setting, we have previously demonstrated that LButhionine (S,R)-sulfoximine (BSO) treatment of T. cruzi infected VERO cells decreased glutathione content (and consequently trypanothione content) by 50%, and increased the trypanocidal activity of Nx and Bz (Faundez et al., 2008; Faundez et al., 2005) . Moreover, BSO (220 mg/Kg/day) showed an anti-T. cruzi effect in mice, decreasing parasitemias and parasite burden in the heart and increasing the survival rate. Furthermore, BSO plus Nx treatment caused a significant increase in the survival rate compared to treatment with each drug alone (Faundez et al., 2008) . Alternatively, we have proposed the use of aspirin to modulate innate immunity in acute T. cruzi infection and thus increase the trypanocidal action of anti-Chagasic drugs (Maya et al., 2007) . In preliminary work in our laboratory, we have found that aspirin itself has an important effect on T. cruzi infection.
In cellular models of acute infection, aspirin reduced the intracellular infection in macrophage-like RAW 264.7 cells.
Moreover, there was a clear synergy among aspirin, Nx and Bz, demonstrated through isobolographyc analysis. In addition, low doses of aspirin significantly reduced parasitaemia, extension of myocarditis and mortality in Balb/c mice acutely infected with T. cruzi. Most important, in the acute phase of illness, aspirin enhances the action of Nx, and Bz. However, the long-term benefit of prostaglandin inhibition for Chagasic patients is still unknown.
Role of anti-Chagasic therapy in the chronic cardiomiopathy
Usually, benznidazole treatment is effective for parasite eradication, mainly in the acute phase of infection, but not in the chronic stage of the disease. However, the studies of the efficacy of Nx and Bz treatment during chronic infection in mice are controversial. Garcia et al, (Garcia et al., 2005) demonstrated that Bz decreased cardiac lesions but were unable to completely eradicate the parasite. In the same way, Caldas et al. (Caldas et al., 2008 ) observed a significant decrease in parasite load in mice treated with Bz during the acute phase of infection, without effect on chronic cardiac lesions. Whereas, Bustamante et al. (Bustamante et al., 2008) showed that when Bz is administered for 40 days, parasitological cure and stable and protective CD8+ T central memory response are obtained. Furthermore, Bz itself can modulate the immune response during indeterminate and chronic Chagas disease (Sathler-Avelar et al., 2008; SathlerAvelar et al., 2009 ). In addition, persistent parasitemia with T. cruzi, along with male gender, is an independent predictor of progression of Chagas cardiomyopathy in some studies . All this evidence indicates the need for Bz treatment during chronic Chagas. This is supported by clinical non-randomized studies, where the use of Bz was associated with reduced progression of Chagas disease and increased negative seroconversion in patients presenting non-acute disease and no heart failure (Marin-Neto et al., 2009; Viotti et al., 2006) . Large-scale randomized controlled studies are in progress to provide experimental evidence supporting any recommendation about the clinical use of trypanocide therapy for improving clinical outcomes in chronic and asymptomatic T. cruzi infection (Marin-Neto and Marin-Neto et al., 2008; Reyes and Vallejo, 2005) . It is should be noted that there is not curative treatment for chronic Chagas heart disease. Heart failure in Chagas cardiomyopathy is treated in a similar manner as that produced by other causes.
In brief, Chagas disease is still a relevant public health problem in Latin America. During the acute phase, patients may present with no symptoms or have a range of signs and symptoms, including myocardial involvement. The latent or indeterminate phase lasts 10 to 30 years, where chronic Chagas heart disease manifests. Chronic Chagas heart disease might produce heart failure, cardiac arrhythmias, and arterial or venous thromboembolism that could be fatal. The four main pathogenic mechanisms to explain Chagas heart disease are i) parasite-dependent myocardial damage; ii) immune-mediated myocardial injury, induced by the parasite itself and by self-antigens; iii) alterations in the autonomic control of the heart; and iv) microvascular abnormalities and ischemia, characterized by microspasms, microthrombi, dysfunction of endothelial cells and increased platelet activity. TXA2 has a role in the disease pathogenesis by endothelial cells activation, mediating inflammatory responses, through i) increased vascular permeability; ii) increased adhesion molecule expression; and iii) leukocyte adhesion to the vessel wall. TXA2 also promotes platelet activation/aggregation and degranulation as a part of its prothrombotic properties. Prostaglandins also have a role in the pathogenics of the disease. PGE2, together with nitric oxide and TGF-β, participates in some of the mechanisms that T. cruzi mount to evade the innate immune response. As well, PGE2 contribute to cardiac remodeling and functional deficits after infection by T. cruzi. Current Chagas disease treatment is more effective in the acute phase. However, during indeterminate and chronic phases, the treatment does not always produces complete parasite eradication. Moreover, the drugs currently used produce diverse adverse events that could affect therapy. As well, there are varying levels of susceptibility of different parasite strains. We have previously proposed a therapeutic strategy where the trypanocidal activity of Nx and Bz is increased by other agents, such as inhibitors of glutathione synthesis (BSO) or by inhibition of prostaglandin production with aspirin.
